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The object of the i 
is a method for correcting a tem- 
perature dependent dispensing error 

such as pipetting, as well as a liquid 
dispensing device, such as a pipette, 
having a higher degree of accuracy. 
According to the method the dis- 
pensing takes place by means of two 
chambers (1, 2) connected to each 
other over a gas passage, wherein 
the first chamber (1) communicates, 
in addition to the said gas passage, 
with the liquid (5) to be dispensed, 
and the second chamber (2) is gas 
tight except for the said gas pas- 
sage (3), whereby, in order to re- 
ceive liquid in the dispensing device, 
the volume of the second chamber 
is increased, resulting in gas flow- 
ing therein from the first chamber, 
and in turn, liquid to be dispensed 
flowing into the first chamber un- 
til a pressure equilibrium between 
the chambers has been reached. Ac- 
cording to the invention the change 
in temperature of the gas flowing 
from the first chamber to the second 
is measured, and the change in volume effected in the second chamber is corrected based on the said measured temperature change so that 
the desired quantity of liquid is received in the first chamber. For the temperature measurement, a temperature sensor (7) mounted in the 
second chamber (2) in the vicinity of the gas passage (3) and in addition, possibly also a sensor (6) mounted in the first chamber (1) is used. 
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Method for correcting a liquid dispensing error, and a 
liquid dispensing device 

The object of the present invention is a method for eli- 
5 minating a temperature dependant dispensing error in con- 
nection with the dispensing of liquids. 

Specifically the invention is used in connection with a 
dispensing method, wherein the dispensing takes place by 

10 means of two chambers connected to each other over a gas 
passage, wherein the first chamber communicates, in addi- 
tion to the said gas passage, with the liquid to be dis- 
pensed, and the second chamber is gas tight except for 
the said gas passage, whereby, in order to take up liquid 

15 in the dispensing device, the volume of the second cham- 
ber is increased, resulting in gas flowing therein from 
the first chamber, and in turn, liquid to be dispensed 
flowing into the first chamber until a pressure equili- 
brium between the chambers has been reached. 

20 

The object of the invention is also a liquid dispensing 
device comprising two chambers interconnected over a gas 
passage, the first chamber communicating, in addition to 
the said gas passage, with the liquid to be dispensed, 
25 and the second chamber being gas tight except for the 

said gas passage, and containing means for regulating the 
volume thereof. 

The method according to the invention is applied typical- 
30 ly, but not solely, when pipetting liquids using an elec- 
tronic or mechanical pipette, and it allows for the eli- 
mination of or at least a substantial reduction of a li- 
quid dispensing error resulting from temperature diffe- 
rences between the sample and the pipette. 

35 

In laboratory analyses pipetting and dispensing of samp- 
les and reagents which are usually in liquid form comp- 
rises the most difficult stage in the process of ob- 
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taining an accuracy of, for example, less than half a 
percent in accuracy as well as in reproducibility. The 
pipetting accuracy using the more old-fashioned technique 
has usually been in the magnitude of one microlitre (with 

5 an inaccuracy of even 5 to 10 %, especially at smaller 
volumes) , if not worse (Rodgerson et al, Clin. Chem. 
20/1, 43-50, 1974 and Pardue et al, Clin. Chem. 20/8, 
1028-1042, 1974). Using the modern techniques of today, 
the accuracy of both mechanical and electronic pipettes 

0 varies in the range of 0.1 - 5 % (Suovaniemi: Dissertati- 
on, ISBN 952-90-5248-0, University of Helsinki, 1994). 

The pipetting inaccuracy depends on both the apparatus 
and also its user. The effect of human error is more of- 

5 ten evident especially in connection with the use of 

mechanical pipettes as compared to the use of electronic 
pipettes. The quality of the pipette tip and the manner 
of its use has its own small effect, except when the tip 
is placed on to the pipette by hand. In this case the tip 

0 may become contaminated or compressed so that the tip 
regains its shape during the first pipetting operations 
and in connection therewith draws an excess liquid into 
the tip. This error can be eliminated e.g. by using ver- 
tically packaged tips or by handling the tips with extre- 

5 me care without changing their form when mounting them on 
a pipette. The use of an electronic pipette removes the 
human pipetting errors, as well as the use of automatic 
calibration of an electronic pipette in connection with 
each use (Hattori, Super Pipetter Seminar: Standardized 

0 Risk Factor and Support to Validation, Biohit, 1994). 
Improving these factors usually leads to pipetting re- 
sults which are only 0.1 - 0.5 % more accurate. 

According to the invention a method is now provided for 
5 eliminating or at least reducing substantially temperatu- 
re dependent dispensing errors occurring in liquid dis- 
pensing methods based on the air-displacement principle. 
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The object of the invention is achieved by a method and 
device according to the appended claims. 

Specifically, the method according to the invention is 
5 characterized in that the change in temperature of the 
gas flowing from the first chamber to the second is mea- 
sured, and the change or increase in volume caused in the 
second chamber for taking up liquid, is corrrected based 
on the said measured temperature change so that the desi- 
10 red quantity of liquid is received in the first chamber. 

According to the invention the said temperature change is 
measured prior to liquid sampling with temperature sen- 
sors suitably located in each chamber, whereby one measu- 

15 res the temperature of the gas in the first chamber, and 
the second measures the temperature prevailing in the 
second chamber, that is the temperature which the gas 
flowing from one chamber to the other during liquid samp- 
ling reaches. The difference in these temperatures cor- 

20 responds to the temperature change of the gas flowing 
from the first chamber to the second. 

According to a second embodiment of the invention the 
method can be carried out using only one sensor, which is 
25 placed in the second chamber. This sensor measures first 
the temperature of the second chamber prior to liquid 
sampling, and a second time, during liquid sampling, the 
temperature of the gas flowing from the first chamber to 
the second chamber, the difference being the said change 
0 in temperature. 

An object of the invention is also a liquid dispensing 
device of the afore mentioned type which is characterized 
in that a temperature sensor is provided for measuring 
5 the change in the temperature of the gas flowing from one 
chamber to the other via the gas passage, and means for 
feeding a corrresponding correction command to the volume 
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regulating means in the second chamber. 

According to the invention, both chambers can contain a 
sensor, or alternatively only the second chamber contains 
5 a sensor. 

In the following, the invention is described as applied 
to liquid dispensing by pipetting and an electrical pi- 
pette, but the invention is not limited to pipettes, but 
10 it can be applied in a variety of liquid dispensing sys- 
tems within the scope of the appended claims. 

The invention is based on the observation that the quan- 
tity of air which in the drawing stage of pipetting flows 

15 from the pipette tip to the pipette body quickly attains 
the temperature of the pipette body. The change in the 
volume of the air space in the body which is caused by 
moving the plunger of the pipette in order to draw liquid 
into the pipette tip, is equal to the selected pipetting 

20 volume, i.e. the pipette set value. As a result of the 

plunger movement, the pressure in the body decreases, and 
air flows from the tip into the body until the pressures 
are substantially in balance again. In case the tempera- 
tures of the air space in the tip and the pipette body 

25 are not equal, the final volume of the quantity of air 
moved is, after evening out of the temperatures, diffe- 
rent in the pipette body from the volume that was inten- 
ded to be removed from the tip. The difference between 
the nominal and real volumes of the quantity of air 

30 transferred, is also the volumetric error of the liquid 
received in the tip.. 

The evening out of the temperature in the pipette body 
takes place rapidly as the air passage there is relative- 
35 ly narrow, i.e. the distance of all the air molecules 

from the closest wall is small, usually less than 1 mm. 
In addition the specific heat capacity of air is small 
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compared to the specific heat capacity of the material of 
the body. The air entering the body attains the tempera- 
ture of the body before the tip has been lifted out of 
the sample, wherefore the changed volume of the air 
5 transferred affects directly the pipetting result. In the 
beginning and the end of pipetting the pressures inside 
and outside the pipette are substantially in eguilibrium, 
and any transient pressure differences do not affect the 
end result. 

10 

An important consequence of this observation is that 
there is no need to measure the temperature of the li- 
quid. Decisive is the temperature of the air space from 
which air moves to the pipette body, and specifically the 

15 temperature difference between that air space and the 
body. After a few pipettings, the air space within the 
tip reaches substantially the temperature of the liquid, 
but measuring the temperature of the air space in the tip 
makes a correction possible which is correct from the 

20 beginning on. It is also to be observed that the correc- 
tion according to this invention also eliminates any er- 
ror resulting from a deviating tip temperature. Such a 
situation is present, for example, when applying a tip 
with warm fingers. 

25 

In the following a correction formula is derived which 
has to be used by the processor in connection with an 
electrical pipette, for it to be able to change the move- 
ment of the plunger from its set value so that the quan- 
30 tity of liquid to be drawn is of the desired magnitude in 
all temperature conditions. 

The formula for calculation is derived from Gay-Lussac 1 s 
law which stipulates that at constant pressure the volume 
35 of a gas is proportional to its absolute temperature. It 
is assumed that the absolute temperature of the pipette 
body is T p and the absolute temperature of the air space 
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of the tip is T k (see also Fig. 1) . The nominal pipetting 
volume, i.e. the set value, is V. In the initial stage 
the tip is immersed in the liquid, but not so deeply that 
the hydrostatic pressure is capable of substantially for- 
5 cing liquid into the tip. Now the plunger is drawn back 
to a degree corresponding to the volume V and the pressu- 
re inside the pipette body decreases. As there is a ten- 
dency to re-establish the pressure equilibrium, air at a 
temperature of T k in a volumetric amount V flows from the 
10 tip into the pipette body. This quantity of air is now 

subjected to the temperature T p . In other words, the new 
volume V of the air transferred is according to the Gay- 
Lussac's law 

15 V - (T p /T k ) V. 

As pressure equilibrium has to be established at the end, 
a further volume of air 

20 AV=V-V =( 1 -T p /T k )V. 

has to transfer between the tip and the body. As this air 
comes from the tip, due to the pressure equilibrium, it 
has to be replaced by an equal volume of liquid, and the 

25 pipetting error is AV. It is positive (too big a pipet- 
ting result) if T k > T p , and negative (too small a pipet- 
ting result) if T k < T p . In the positive results, there is 
an additional small excess as also AV is subjected to the 
temperature T p . This is of no practical consequence, but 

30 can easily be taken into account, if desired. 

The actual pipetting result V" as a function of the no- 
minal volume (the movement of the plunger) V and the tem- 
peratures is consequently 

35 

V" =V+AV=(2-T p /T k )V. 
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The correction can be implemented in an electronic pipet- 
te in a straightforward manner. The temperatures can be 
read continuously at specific short intervals, or only 
when pushing the pipetting button, and according to these 
5 and the nominal volume, an activation command correspon- 
ding to V k (the corrected volume) is given to the plunger: 

V k = V/(2-T p /T k ) . 

10 In the following, reference is made to the appended dra- 
wing where Figure 1 shows in a general and schematic man- 
ner a liquid dispensing device according to the inventi- 
on, the Figure 2 shows in a schematic manner a pipette 
according to the invention for carrying out the method, 

15 and Figure 3 a constructional and mounting system for a 
sensor for measuring the temperature. 

In the Figure 1, two gas filled chambers for receiving 
liquid is shown, a first chamber 1 and a second chamber 

20 2, which communicate over a gas passage 3, and the inte- 
rior pressure of which is substantially in balance at the 
beginning and the end of liquid sampling. The volume of 
the second chamber 2 can be enlarged in order to receive 
liquid by suitable means, for example by means of a reci- 

25 procating plunger 4 mounted in a gas-tight manner in the 
chamber 2. The first chamber 1 can be made to communicate 
with the liquid 5. As a result of the pressure difference 
brought about by the movement of the plunger 4, liquid 
flows into the chamber 1 until a pressure equilibrium is 

30 essentially established. The accurate liquid volume re- 
ceived in the chamber 1 is thereafter dispensed in one or 
more further dishes. In the system, a quantity of gas 
thus moves from one chamber to the other, which quantity 
corresponds to the liquid volume to be drawn, the volume 

35 of which, however, during drawing of the liquid or the- 
reafter changes in case the temperature of the chambers 
is not uniform. If this change in gas volume cannot be 
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taken into account, a dispensing error results. 

The Figure 2 shows a pipette, which comprises a cylinder 
space forming the air space 9 of the pipette, the cylin- 
5 der space having a gas connection to the pipette tip 8, a 
reciprocating plunger 4 in the cylinder space, as well 
not further illustrated operating means for the plunger. 
According to a preferred embodiment of the invention, the 
pipette comprises sensors 6 and 7 for measuring the tem- 

10 perature. A suitable means for measuring the temperature 
is, for example, a NTC resistance (Negative Temperature 
Coefficient resistance) functioning as a temperature sen- 
sor. Such resistances are known per se and commercially 
available. According to this embodiment, the temperature 

15 of the gas is measured by the sensors 6 and 7 in the tip 
8 and the air space 9 before liquid sampling, and the 
temperature difference measured is used for feeding a 
correction command to the operating means for moving the 
plunger in accordance with the formula derived earlier. 

20 

In the Figure 3 a favourable embodiment for attaching a 
sensor to the dispensing device, for example a pipette 
body, is shown. In the Figure 3, there is disclosed on an 
enlarged scale a interchangeable tip 8, into which the 

25 lower part of the pipette body projects with its gas pas- 
sage 3 extending into the air space 9 of the pipette. The 
sensor 6 is fastened to a handle-like device 10 opening 
towards the body, and attached between the legs of the 
handle, the sensor 6 extending into the air space of the 

3 0 tip itself. The handle-like device 10 functions, besides 
as a fastening means, also as a means for protecting the 
sensor. It is self-evident that also the sensor 7 in the 
air space can be constructed in a manner corresponding to 
the embodiment shown. The device 10 has to be dimensioned 

35 so that neither it, nor the sensor 6, is brought into 
contact with the liquid to be dispensed. 
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Claims 

1. Method for correcting a temperature dependant dispen- 
sing error occuring during dispensing of a liquid, whe- 

5 rein the dispensing takes place by means of two chambers 
connected to each other over a gas passage, wherein the 
first chamber communicates, in addition to the said gas 
passage, with the liquid to be dispensed, and the second 
chamber is gas tight except for the said gas passage, 

10 whereby, in order to take up liquid in the dispensing 
device, the volume of the second chamber is increased, 
resulting in gas flowing therein from the first chamber, 
and in turn, liquid to be dispensed flowing into the 
first chamber until a pressure equilibirium between the 

15 chambers has been reached, characterized in that 

the change in temperature of the gas flowing from the 
first chamber to the second is measured, and the change 
in volume caused in the second chamber is corrected based 
on the said measured temperature change so that the de- 

20 sired quantity of liquid is received in the first cham- 
ber. 

2. The method according to claim 1, characterized in that 
the interior temperature of both chambers is measured 

25 prior to liquid sampling by means of sensors mounted se- 
parately in each chamber. 

3. The method according to claim 1, characterized in that 
for measuring the change in the gas temperature, a sensor 

30 placed in the second chamber is used, which prior to li- 
quid sampling measures the interior temperature of the 
said chamber and during liquid sampling measures the tem- 
perature of the gas flowing from the first chamber to the 
second. 

35 

4. Liquid dispensing device comprising two chambers (1,2) 
interconnected over a gas passage, the first chamber (1) 
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communicating, in addition to the said gas passage (3) , 
with the liquid (5) to be dispensed, and the second cham- 
ber (2) being gas tight except for the said gas passage, 
and containing means (4) for regulating the volume there- • 
5 of, characterized in a temperature sensor (6, 7) being 

provided for measuring the change in the temperature of ' 
the gas transferring from one chamber to the other, and 
means for feeding a corresponding correction command to 
the volume regulating means (4) in the second chamber 
10 (2). 

5. The liquid dispensing device according to claim 4, 
characterized in that both chambers (1, 2) contain a 
temperature sensor (6,7). 

15 

6. The liquid dispensing device according to claim 4, 
characterized in that only the second chamber (2) con- 
tains a temperature sensor (7) . 

20 7. The liquid dispensing device according to any one of 
the claims 4-6, characterized in that the temperature 
sensors are NTC-sensors. 

8. The liquid dispensing device according to any one of 
25 the claims 4-7, characterized in that the means for regu- 
lating the volume in the second chamber is a plunger 
mounted gas-tightly in the chamber. 

9. The liquid dispensing device according to any one of 
30 the claims 4-8, characterized in that the first chamber 

is a pipette tip (8) . 

10. The liquid dispensing device according to claim 7, 
wherein the first chamber is comprised of a preferably 

35 detachable pipette tip (8) , and the second chamber is 

comprised of an air space (9) formed in a pipette body, 
which communicates with the pipette tip by means of a 
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passage (3) through the body, characterized in that the 
sensor is over a mounting device (10) fastened to the 
body, in the close vicinity to the gas passage between 
the tip and the air space. 

5 

11. The liquid dispensing device according to claim 10, 
characterized in that the mounting device (10) is handle- 
like and the sensor is mounted between the legs of the 
handle, the ends of the legs being attached to the body 
10 of the device. 
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Fig. 2 
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